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ABSTRACT The complete radcotide sequence of a eDN A 
encoding the hnaiaai |todd«derr.ed growth factor (PDGF) 
receptor b presented. The cDNA contains an open reading 
frame that codes for a protein of 1 106 amfaio adds. Comparison 
to the moose PDGF receptor reveals an overafl amino add 
sequence Identity of 8*%. Thh sentence identity rises to 98% 
m the cytoplasmic split tyrosine kinase domain. RNA Mot 
hvbridfaatkm analysis of pory<A)* RNA from hmnan dermal 
fibroblasts detects a major (-5.7 kb) and a minor (-4.8 ab) 
transcript using the cDNA as a probe. Baby hamster kidney 
crib, transfected with an expression rector containing the 
receptor cDNA» express an ■•190-kDa cei snrface profeta tfita* 
b recognized by an antMmmaa PDGF receptor antibody. The 
recombinant PDGF receptor b functional m the transfected 
baby hamster kidney cetta as demonstrsted by Hgand-todoced 
l^ospborytatkm of the receptor. Binding properties of the 
recombinant PDGF receptor were abo assessed wttfc jam 
preparations of BB and AB boforms of PDGF (I.e., PDGF 
dimerscomnosed of two B chains or an A and a B chain). Unlike 
human dermal fibroblasts, whfch bind both bWdra with high 
affinity, the transfected baby hamster Udiieyceflibhrf only 
BB boform of PDGF with high affinity. Thb ocjserration b 
consistent with the existence of more than one PDGF i ■* 
class. 



Human platelet-derived growth factor (PDGF). *.P° ,enl 
mitogen for mesenchymal cells in culture, was originally 
identified (1, 2) and purified from human platelets. Pure 
PDGF was described as a 27- to 31-kDa glycoprotein (3-6) 
thought to exist as a dimer of two distinct but highly similar 
polypeptides, termed A chain and B chain (7, 8). Although the 
exact composition of PDGF from human platelet sources 
with respect to its dimer composition is unclear, it is 
considered to be largely a hcterodimer of A and B chains 
(PDGF-AB). More recently, homodimers of PDGF com- 
posed of two A chains (PDGF- A A) or two B chains (PDGF- 
BB) have been isolated from osteosarcoma cells and porcine 
platelets, respectively (9, 10). . 

The biological events triggered by PDGF (reviewed in ref. 
11) are thought to be transmitted by means of a high-affinity 
cell surface receptor (12). This receptor has been described 
as a membrane glycoprotein of 160-185 kDa (13-15) that is 
tyrosine-phosphorylated in response to binding of PDOr- 
(16-19) and possesses intrinsic tyrosine kinase activity (20). 
A cDNA encoding the mouse PDGF receptor has recently 
been cloned and sequenced, and hs primary structure has 
been shown to be closely related to the v-fcr oncogene and the 
receptor for macrophage colony-stimulating factor (21), 

The publication costs of this article were defrayed in part by pare charge 
payment. This article mu« therefore be hereby marked "advertisement 
in accordance with IS U.S.C. 11734 aokly to indicate this fad. 



We report here the nucleotide sequence and deduced 
amino acid sequence of a cDN A encoding the human PDGF 
receptor.! We have expressed the cDNA coding for the 
human PDGF receptor in baby hamster kidney (BHK) cells 
and present evidence that these transfectants express a 
high-affinity receptor specific for the BB isoform of PDGF. 

EXPERIMENTAL PROCEDURES 

cDNA Ubrarv Screening. Two cDNA libraries, primed 
with random hexamers or oligo(dT>. were prepared from 
polv(A) + RNA from human dermal fibroblast cells (SK5) 
with EcoRl linkers and were cloned into phage Agtll, as 
described elsewhere (22. 23). Three oligonucleotide probes 
(see Fig. 1). 41, 45, and 38 nucleotides long, complementary 
to sequences of the mouse PDGF receptor [mouse nucleo- 
tides 310-350. 2353-2397. and 3391-342*. respectively (21)1 
were synthesized and used to screen the random-primed 
library. An Sst 1/EcoRi fragment (630 base pairs (bp)] derived 
from the 3' end of clone RP41 (see Fig. 1) was used to screen 
the oligtHdD-primed library Both libraries were screened 
recording to standard procedures (24). 

DNA Sequencing. Restriction fragments of the cDNAs 
were wbcloned into plasmid pUC13 for restriction mapping 
and into phage M13mpl8 and M13mpl9 for DNA sequence 
determination. Sequencing was done by the dtdeoxy chain 
termination method (25) from overlapping restriction frag- 
ments by using deoxy adenosine 5'-(a- v SJthiotriphosphate 
from New England Nuclear (26). Sequencing reactions were 
catalyzed by the ICIenow fragment of Escherichia colt DNA 
polymerase I (Pharmacia) or modified T7 DNA polymerase 
(United States Biochemical. Cleveland). A universal M13 
primer or synthetic oligonucleotides complementary to the 
sequence were used as primers. 

CeB Culture and Transfectkm. Diploid human dermal fibro- 
blast cells (SK5) were cultured in Dulbecco-Vogt-modified 
Eagle's medium supplemented with 1% calf serum. BHK-570 
cells descended from clone BHK 2M3 (27) and were cultured 
in Dulbecco-Vogt-modified Eagle's medium supplemented 
with 5% fetai bovine serum. Transfections of BHK-570 cells 
were performed using the calcium phosphate precipitation 
method (28). An expression vector (pDX) (29, 30) containing 
the human PDGF receptor cDN A (phPDGFR) (see Fig. 1) was 
cotransfected with a plasmid containing the methotrexate- 
resistant form of the dihydrofolate reductase gene into BHK- 

Abbreviation*: PDGF, platelet-derived growth factor; PDGF-AB. 

-AA. -BB. PDGF dimers composed of an A and a B chain, two A 

chains, or two B chains, respectively. 

*To whom reprint requests should be addressed. 

•The sequence reported in this paper is being deposited in the 
EMBL/GenBank data base Untellirenetkt. Mountain View. CA, 
and Eur. Mot. Biol. Lab.. Heidelberg) (accession no. J03278). 
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570 cell* (31V The transfected cell* (BHK<5. BHK-c*. awl 
BHK-cS cell*) were placed under selection with 250 nM 
methotrexate. Surviving cell coion^^ were picked and as- 
sayed for the expression of »he human PDGF receptor with a 
previously described anti-human PDGF receptor monoeten^ 
antibody (PR7212) 02) that does not recogn.ie rodent PDGF 

"sZSiw Binding A«.y. Test cells were plated in 24-well 
traVs at 3 x'10 4 cells per well in the appropriate culture 
medium. Three days after plating, the "^.'"■""""J- 
the cells were washed once with 1 ml per well of phosphaie- 
bufTered .aline at 4«C. and a satura^ btrKi^aswy wa, 
nerforrned by using increasing concentrations of Habeled 
antibody PR7212. PDGF-BB. or P^F-AB «senuany as 
described (33). PDGF-BB was [ ^^ ™^™™"* 
Hunter reagent (ICN). Calculations of the apparent K 6 were 
perrormedas described (33). For these studies we have used 
purified recombinant PDGF-BB homodimers synthes ized by 
a Saccharomycr* ttrevisiat expression system (34). PDGr- 
AB heterodimers were purified from human pUuelet-nch 
plasma by immunoaffinity chromatography '"WJ^J-'f 
monoclonal antibodies against PDGF-AB and PDGF-BB 
(C.E.H.. unpublished results). 

Phosphorylation and R^WmmunopreclirfuUon. Mern- 
braneTx^cts of SK5 cells. BHK-570 cells ? ^fHK<6 
cells were prepared as previously described (32). Membrane 
extracts from 5 x 10* cells weir incubated for 30 minon.ee 
with 200 *C\ of [y-"P]ATP (3000 Ci/mmol; 1 Ci - 37 GBq 
Du Pont-New England Nuclear) in the presence or absence 
of 10 nM PDGF-BB. The phosphorylated membrane eurac is 
were then immunoprecipitated with the antibody PR7212 or 
a negative control antibody (32). The precipitated samples 
were separated by NaI)odS0 4 /PAGE under reducing con- 
ditions; the gel was dried and autoradiographed » ~ " rv - 
W«A Btettag and Hybridtatk*. Total cellular RNA was 
extracted using a modification of the guanidinium method 
O Hn wme cases this was followed by oligo(dT) cellulose 
Smltography (36, to obtain poly(A)* RNA., AJwd* 
trophoresis in 1% agarose gels containing fo^dehyde the 
RNA was transferred to nylon filters. P^^f* * h „ r * 
and hybridized overnight at 4TC unde. 
(37) with 4.7-kilobase (kb) cDNA EcoM/Xbal fra^enlof 
the phPDOFR cDNA insert (Fig. 1) as a P^-™ e P"r 
was labeled with |e-»PJdCTP by using a random oligonuc e- 
otide labeling kit CPharmacia). Filters ^^J^*^^ 
washed in 0.05 M sodium phosphate/1 mM EDTA/itb 
NaDodS0 4 at 65XT. 

RESULTS 

Isolation of cDNA Clooes Ceding for the Human TOGF 
Itaartor ADoroximately 1 x 10* phage from the random- 
p^hur^TdeZ. rTbroblas, Md***™™ 
screened with a mixture of three unique 
rroteTEight positive clones were identified and plaque 
Ed. f woclbnes. designated RP41 and RP51 (Fig. 1). were 
selected for further analysis by restriction enzyme mapping 
£dDNA sequencing. Clone RP51 contains 097 nuclides 
which includes 356 nucleotides of 5'-nom:oding sequence, he 
ATC translation initiation cod on. and 738 nucleotKirs of the 
JiSo-terminal coding sequence. Clone ^ overlaps cto^ 
RP51 and consists of 2649 nucleotides coding for the central 
Ertionof the protein (amino acids 43-92Mjg. 2). Since 
eiSrtclones isolated Trom the random-pnmed library dtd not 
to the 3' end of the full-length cDNA. ar^ximately 
0 6 x If/ pSage of the oligo(dT>primed SK5 cDNA library 
were screened to obtain clones coding for this region Clone 
OT91. one of 10 positive clones, contains 2856 nucko ides 
including the 3' end of the coding region and 1896 nucleo ides 
of J -untranslated sequence, but no polytA)* tad or polyad- 
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Fto 1 PHfiiaJ restriction map and cloning strategy fpMj^ human 
Pt^F recfptor cDNA. Three clones. RP<1. RP51. and OW . were 

human PIXiF receptor. The clone* and the derived cDNA are 
%™J™L7£*\ linker, on both ends. T^cod.r^r^^ 
?ho*n as a sohd Hack bar. Dashed line* indicate the restriction si es 

%ho*n below phPDUrR. 

enylylalion signal were found (Fig. 1). To ^^^f. 0 ^ 
coding for the entire PDGF receptor, clones RP51. RMl,Md 
OT91 were ligated together at common Acc I and ^mHl sites. 
The resulting cDNA. designated phPDGFR (Fig. 1). < 
subcloned into a eukaryotic expression vector (pDX) tor 

subsequent transfeclion. ^ . 

NodeoOde Sequence and Deduced Amino Acid Sequence of 
the Human PDGF Receptor. The nucleotide WJJ^ 
cDNA encoding the human PDGF receptor (phPDGFR) 
consists of 5570 nucleotides and predicts a protein of liw> 
amino acids <Ftg. 2). The amino acid sequence of this protein 
is very similar to the mouse PDGF receptor as demonstrated 
by an overall sequence identity of 86%. By comparison with 
the domain structure that has been described for the mouse 
PDGF receptor (21), the sequence identities to the human 
receptor are as follows: signal peptide, 63%; extracellular 
domain. 79%; transmembrane domain, 96%; sp it tyrosine 
kinase domain. 98%; and the remaining intracellular domain, 
85%. Additional similarities between the two sequences 
include conservation of (.) the number and position of all 
cysteine residues (with the exception of Cys-787) and Ui) 10 
of 11 potential asparagine-linked glycosylate sites in the 
extracellular portion of the sequence. 

On the nucleotide level, comparison of the mouse and 
human cDN As shows overall identities of 72% in the coding 
region and 65% in the 5'- and 3 '-untranslated regions . Several 
more highly conserved regions are also found at both the 3 
and3' ends of the cDNA. For example, the sequence ATTTA 
(Fig. 2). associated with selective mRNA degradation (38). is 
found at the 3' end of the mouse and human cDNAs in an 
A+T-rich region that is 85% identical over a stretch of 150 - 

ba Sres*on of the PDGF Receptor In BHK CelH. To confirm 
that the phPDGFR sequence (Fig. 1) coded for a function^ 
receptor, the cDNA was transfected into BHK-570 cells, 
which do not express a detectable amount of endogenous 
PDGF receptor (see Figs. 3 and 5). Expression of the 
recombinant PDGF receptor in these transfectants was 
evaluated by binding of a monoclonal anti-receptor antibody. 
PR7212, and pure preparations of the PDGF BB and PDGF- 
AB ligands. In adJition, we examined the phosphorylation of 
the expressed receptor in response to ligand binding. 

Binding studies were performed with three transfectants. 
BHK-c5, BHK-c6 f and BHK-c8. Parental BHK-570 cells and 
human dermal fibroblasts (SK5) were used as negative and 
positive controls, respectively. At saturating concentrations, 
the binding of antibody PR7212 to the three transfectants was 
1 5-, 2 6-. and 5-fold greater than to SK5 cells (Fig. 3A). 
Binding of '"Mabeled PDGF-BB (Fig. 30) revealed high- 
afflntty binding sites on both the transfectants and the SK5 
cells (apparent K d - 4-7 x 10~ 11 M). Binding of PDGF-BB 
to BHK-C6 cells was not saturable in this experiment due to 
depletion of the ligand by the very high number of receptors 



Cell Biology: GronwaJd rt al. 



/W. Satl. Acad. Sci USA 85 (1988) 3437 



■ •l»6«•»• k *.»illll.*tl• .'»•:*i-l** ''' '** ,, * ■, * 1 . * * » • • 



• »;f««*«ao;'***>i t ■ , . i : • t i 

• • • • a • * ' ♦ * 



t , , , , t t t i * • • : ; r • t « 3 * t * » • » • • i = • * « i .•■•-.-.» • o c i « i « . " .c, i » i 

• ♦ ♦ 



i, i ". if* t«P^« # . 



«lC*^i-ti.*'.<:«tf • * ■ ■ i » » ■ t © » t ■ • .■•••its s * 

C— . — ■ '* ''■ ' 1 "~ " ' 

• »6i»-. •t■t•i•sl*^c^•■ e ■ 1 ■ D,, • pf ''*■ |^ ■ t "'■ , J » i 



& 



C*6*tfCC«CCCCCHCtCCC*aTCCTCCt6CTICUC*t*« VJ6 
■r»ISOL VILLI* 



C t » f » f i • • • | g.t««!«IC*t«t«»«-»*PI 1 • . | • 0 ■ » f I ■ » « J 

......„.-..» *F»«Mtfti:'f(fi- i-r -Ei-iiu-r ■ ''•K»itE£tt"'U'(»CCCtfU«*CC»«'e{tttrUt*»tf «i:«t«»«CCMI6M<tlC«»*tC*C 1*1* 

litlC»»tt'OJ»etl'i» «»-*•■ i«*e««ir.^«fci »v ^ 

i * t ► i i * j i • s * ; X ' ■ * • * • ' 1 r * 1 " " * 
• o • • - 

H «.«««t«.cceTeura»ww^^^ c«*-«'»*c«Fu t ttfi«iKi.tew«*t«c*.c*.acc«.cc«ccee««eitiMf» 

Fig. 2. Nucleotide sequence of the humtn PDGF receptor and companion of the deduced amino acid sequence with the mouse PDGF 
receptor sequence (21). For maximal alignment of the mouse and human amino acid sequences, two gaps were inserted into the mouse sequence 
(positions 18 and 1072-1078). Nucleotides and amino acids of the human PDGF receptor are numbered at the right. Amino acid numbering starts 
at the N-terminal methionine. Residues of the mouse PDGF receptor that differ from the human sequence are depicted below the human amino 
acid sequence. Potential sites of asparagine-linked glycosytation are marked by solid diamonds below the asparaginc residue. Cysteine residues 
are boxed. The putative transmembrane domain is underlined with a heavy line. Other domains are underlined and labeled with boxed numbers: 
signal peptide domain CD and the split tyrosine kinase domain lE and 30. An ADUUA sequence motif is demarcated at the 3' end of thecDNA.The 
stop codon is indicated by an asterisk. 

per culture. In other experiments, with lower cell densities, x 10 ' 11 M) and with a much lower affinity to the transfec- 
binding to BHK-c6 was saturable and showed an affinity tants. Among the trunsfectants, the amount of low-affinity 
comparable to the one obtained with SK5 cells. In contrast to binding of "'Mabcled PDGF-AB (Fig. 3Q correlated with 
the PDGF-BB binding, '^-labeled PDGF-AB (Fig. 30 the amount of high-affinity binding of l2, Mabeled PDGF-BB 
bound with high affinity only to SK5 cells (apparent K d ■ 2 and antibody PR7212 (Fig. 3 A and B). 
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F10. 3. Binding of antibody PR7212. PDGF-BB, and POOF- AB 
to SK3 cells. BHK-570 cells, and to the transfectants BHK«\ 
BHK-6, and BHK-8. Confluent culturw of ««s were mbtfcd I m 
parallel with increasing concentrations of ,w l4ar*led PR7Z1Z [Ah 

bols represent triplicate measurements of the following cell »vpev «, 

binding was determined as described (33) and was subtracted from 
the individual data points. Receptor numbers were not e««™2 
because the true concentration and spec** activity * tbt ,,gand 
were not precisely known. 

RiMlk>immnaopff«d^Utloii of Pbospborytated PDGF Recep- 
tors. It has previously been shown that ^ Wor « 
phosphorylated in response to binding of PDGF (16-19). 10 
invesligate whether the recombinant PDGF receptor in baby 
hamster kidney cells also shows stimulation of phosphoryl- 
ation in response to ligand binding, we prepared membrane 
extracts and examined the level of phosphorylation of the 
recombinant PDGF receptor in the presence and absence of 
PDGF-BB. PDGF-BB stimulated easily detectable phospho- 
rylation of • 160- ard • 190-kDa proteins in crude membrane 
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Fto. 4. Irmrwrwe^cipiution of | r ^T?.»abeM n»«n^ 
extract, using antibody PR7212. Membrmi^ttracU c/^ ir^^ 
«IH were prepared, and abquoU equivalent to 5 ™* I 

then incubated for 30 mm in the presence <♦> v****^ 1 *™ 
nM PDGF-BB. Subsequent to get fttratxn. the « tt »f > J^ 
imniuiiopredpnated using antibody PR7212(toes • comrol 
moooctonal a. ubody (lanes O.^t^ofthem^ 
markers <in kDa) are indicated at the Ml . The airowbeadsaithengnt 
indicate the position of the MG0- and -190-kDa proteins. 

prepvations (data not shown). Ftg. 4 shows the basal and 
stimulated levels of r^hospoorylation of the PDGF receptor in 
imrminoprecfpitates of in vitro phospnorylated membtanes 
from SK3, BHK-c6, and parental BHK-570 cells. In BHK-rj 
cells the addition of PDGF-BB induced phosphoorwrjon of 
proteins of -160 U>a and -190 kDa. in the contol SKI cells 
a similar induction of ~164±Da and ~18f>kDa bands cotild 
be detected. The sire of these proteins agrees wcO with tne 
previously reported sizes of -164 kDa for the precursor 'and 
-180 kDa for the mature PDGF receptor in human fibroblast 
cells (32). As expected, no r^osphoryUtion of PDGF recep- 
tors was detected m BHK-570 cells. 

RNA Mot Hybrid**** Analyst. To estimate the sircand 
relative abundance of the PDGF receptor transcript in S10 
human fibroblasts and in the transfected BHK cells. RNA 
blot hybridizations were performed using a 4.7-kb EcoRl/ 
Xba I fragment of phPDGFR as a probe (Ftg. 1). Two tran- 
script sixes (-5.7 kb and -4.8 kb) could be detected in 
oligotdTVselected RN A(Fig. 5. lane d) from SK5 cells. When 
total RNA was used, the migration of the -4.&-kb band was 
apparently accelerated by large amounts of 28S RNA (Ftg. 5. 
lane c). The -5.7-kb band was estimated to be 10-fold more 
intense than the -4.g-kb band. Total cellular RNA prepared 
from both A431 human epidermoid carcinoma cells and 
BHK-570 cells showed no hybridization signal (Fig. 5. lanes 
a and b). When exposed for the same length of time as lanes 
«vd in Fig. 5 (24 hr at -7f/C). the signal from the transfectanl 
BHK-c6 cells (Fig. 5, lane e) was greatly overexposed, 
indicating much greater mRNA abundance in the BHK<6 
transfectants compared to SK5 cells. This is consistent with 
the greater level of receptor expression in these transfectants. 
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FiC. 5. RNA Hot hybridization 
anaiyMv Total and oligotdT)- selected 
mRNA *ere isolated. Lanes: a. 20 mR 
of totaJ MM RNA: b. 20 m« of total 
BHK*r0RNA;c. lOpaof total SKJ 
RNA; d. 2 *g of poM A) SK5 RNA; e, 
20 Ml of :oul BHK-c© RNA. Une f 
represent* a 1-hr exposure of Une e. 
Eiposure time for lanes a-e was 24 hr 
at - 7(TC with an intensifying screen. 
rRNA bands were uvd a* size refer- 
ences [*7n0 bp (28S) and 1780 bp 
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A shorter exposure (1 hr at yielded a major band of 

•5.7 kb (Fig. 5, lane D. This lize estimate is clone to the 
5.9-kb size expected for the PDGF receptor transcript gen- 
erated by the expression vector pDX. The nature of the lower 
molecular mass band detected in Ftg. 5, lane f is unknown. 

DISCUSSION 
We report here the cloning* sequence, and expression of a 
cDNA encoding the human PDGF receptor. We have com- 
pared this human cDNA sequence and its deduced amino 
acid sequence to that of the mouse PDGF receptor published 
by Yarden et al. (21). The nucleotide sequences are similar 
throughout their length, including segments of high sequence 
similarity in the 5'- and 3'-untranslated regkrj. The deduced 
ammo acid sequence of the human PDGF receptor is also 
very similar to the mouse sequence and, hence, exhibits the 
same functional domains as those described for the mouse 
PDGF receptor (21). These putative domains include a signal 
peptide, an extracellular domain, a transmembrane domain, 
and a cytoplasmic domain containing a split tyrosine kinase 
domain. From the extensive degree of sequence similarity to 
the mouse receptor, we conclude that, most likely, we have 
cloned the human version of the PDGF receptor. 

The human cDN A has been used to probe human RNA in 
order to detect the pattern of PDGF receptor transcripts. In 
human dermal fibroblasts, we detect transcripts of -5.7 and 
—4.8 kb. ThL is in contrast to a single -5.3 kb transcript 
reported by YanJen et al. (21). The two transcripts reported 
here are detected under stringent hybridization conditions in 
which there is no detectable hybridization to RNA isolated 
from either human A431 cells or BHK-570 cells. The larger 
and more intense band (-5.7 kb) is similar in size to the 5570 
nucleotide human cDNA reported here, indicating that we 
have essentially cloned the entire cDNA. The origin of the 
smaller less intense -4.8 kb band is unclear, but it could arise 
as a result of alternative splicing or the use of an atypical 
alternative polyadenytylatkm signal. Finally, the -4.8-kb 
band could be derived from a second distinct locus. 

When the human PDGF receptor cDNA is expressed in 
BHK-570 cells, we find that the transfected cells are now able 
to bind the anti-PECF receptor antibody PR7212 as weU as 
the PDGF-BB ligand. Furthermore, liguid-mduced phospho- 
rylation of two membrane proteins that are immunoprecipi- 
tabte by antibody PR7212 could be demonstrated. The sizes 
of the two receptor proteins found in the transfectants 
correspond well to those seen in the human dermal fibro- 
blasts. These results indicate that the transfectants express at 
least a partially functional PDGF receptor. Experiments 
determining whether the transfected BHK cells respond 
mitogenically to PDGF are needed. 

Recent evidence (39) has suggested the existence of at least 
two PDGF receptor classes. One receptor class (termed the 
"B receptor") binds only PDGF-BB, and the other (termed 
the "A receptor") binds all three isoforms of PDGF (AA, 
AB. and BB). The observation presented in this manuscript 
that the transfectants bind only PDGF-BB with high-affinity 
is consistent with the characteristics of the predicted B 
receptor class. Several explanations for this result are pos- 
sible. The most direct is that we have cloned and expressed 
a cDNA coding for one of the proposed PDGF receptor 
classes (the B receptor) and that a second distinct gene 
product for the other PDGF receptor class exists. Alterna- 
tively, posttranslational modifications could be responsible 
for generating two classes of PDGF receptors, and BHK-570 
cells might lack this ability. Finally, an accessory protein may 
exist in human dermal fibroblasts but not in BHK-570 cells, 
whkh is required for high-affinity binding of PDGF- AB to the 



PDGF receptor. A situation similar to this possibility has 
been shown in the interleukin 2 receptor system (40). 
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The binding of the three dimeric forms of platelet-derived 
growth factor (PDGF), PDGF-AA, PDGF-AB and 
PDGF-BB, to human fibroblasts was studied. Cross-com- 
petition experiments revealed the existence of two differ- 
ent PDGF receptor classes: the type A PDGF receptor 
i :iind all three dimeric forms of PDGF, whereas the type 
B PDGF receptor bound PDGF-BB with high affinity and 
PDGF-AB with lower affinity, but not PDGF-AA. The 
sizes of the two receptors were estimated with affinity 
labeling techniques; the A type receptor appeared as a 
major component of 125 kd and a minor of 160 kd, and 
the B type receptor as two components of 160 and 175 kd. 
A previously established PDGF receptor monoclonal 
antibody, PDGFR-B2, was shown to react with the B type 
n c ptor only. The different abilities of the three dimeric 
forms of PDGF to stimulate incorporation of [ 3 H]TdR 
into human fibroblasts indicated that the major mitogenic 
effect of PDGF is mediated via the B type receptor. 
Key words: platelet-derived growth factor/receptor/human 
fibroblasts 



Introduction 

PI--- 'et-derived growth factor (PDGF) is a major mitogen 
for connective tissue cells //* vitro (reviewed in Heldin et 
a/.. 1985; Ross et aL. 1986). The functionally active mol- 
ecule is made up as a dimer of two polypeptide chains that 
are linked by disulphide bonds. The subunit chains occur 
>n two different forms, denoted A and B, and their mature 
parts show 60% amino acid sequence similarity with perfect 
conservation of all eight cysteine residues (Johnsson et al., 
1984; Josephs et aL. 1984; Betsholtz et aL, 1986). 

A!! three possible dimeric forms of PDGF have been ident- 
ified: PDGF purified from human platelets is a heterodimer, 
PDGF-AB (Hammacher etaL, 1988a); PDGF-AA has been 
round in media conditioned by human osteosarcoma (Heldin 
€t 1986), melanoma (Westermark et aL, 1986) and 
glioma (Hammacher et al., 1988b) cell lines, and is prob- 
ably produced by rat smooth muscle cells (Sejersen et aL, 
1986) and mitogen-stimulalcd human fibroblasts (Paulsson 
1987); a factor similar to PDGF-BB exerts the trans- 
° rn ' :n £ activity of simian sarcoma virus (Waterfield et aL, 
l9 ** Ooolittle et aL. 1983; Robbins et aL, 1983), and in 



addition, PDGF purified from porcine platelets has the 
structure of a B chain homodimer (Stroobant and Waterfield, 
1984). 

It was recently found that the different dimeric forms of 
PDGF have different functional activities. Thus, PDGF-AA 
has a considerably lower mitogenic activity, chemotactic 
activity and ability to cause actin rearrangement, than has 
PDGF-AB (Nister et aL, 1988); it was suggested that this 
is due to different reactivities with two distinct receptor 
classes. Indications of the existence of more than one PDGF 
receptor type also came from experiments demonstrating that 
the different dimers have different ability to down-regulate 
PDGF receptors (Hart et aL, 1988; Nister et aL, 1988). 

In this communication, we provide direct evidence for the 
presence of two distinct PDGF receptor types on human 
fibroblasts. The receptors are distinguished by their different 
ligand binding specificities, their sizes as estimated by affinity 
labeling, and by their different reactivities with a recently 
established monoclonal antibody against a PDGF receptor 
purified from porcine uterus (RonnstrSnd^/ aL, T9$$y. — 



Results 

Cross-competition for binding to human foreskin 
fibroblasts of different dimeric forms of PDGF 
PDGF-AB purified from human platelets and recombinant 
PDGF A and B chain homodimers were !25 I-Iabeled and 
analysed with regard to their binding to human foreskin 
fibroblasts at 0°C. All three dimeric forms of PDGF showed 
a specific binding to the cells. As shown in Figure 1, 
[ 125 I]PDGF-AB was most efficiently competed for by 
PDGF-AB, with a 50% reduction in binding at 5 ng/ml, but 
PDGF-AA and PDGF-BB also competed with half-maximal 
effects at about 30 and 60 ng/ml respectively. Also, [ 125 I]- 
PDGF-AA was most efficiently competed for by PDGF-AB, 
with half-maximal effect at 5 ng/ml. In addition, PDGF- 
AA and PDGF-BB competed; half-maximal effects were 
achieved at 10 and 30 ng/ml respectively. In contrast, 
[ !25 I]PDGF-BB was only marginally competed for by 
PDGF-AA, whereas PDGF-AB and PDGF-BB competed 
with half-maximal effects at 40 and 60 ng/ml respectively. 

These results indicate that at least two PDGF receptor 
classes exist on human fibroblasts. One receptor showed 
highest affinity for PDGF-AB, but bound also PDGF-AA 
and PDGF-BB. This receptor is tentatively called PDGF 
receptor type A. The other receptor bound PDGF-BB and 
PDGF-AB, but not PDGF-AA. This receptor is tentatively 
called PDGF receptor type B. 

Binding of PDGF-AB and PDGF-BB to human 
fibroblasts after down-regulation with PDGF-AA 
The result of the experiment described in Figure 1 indicates 
that PDGF-AB and PDGF-BB bind both to type A and type 
B receptors on human fibroblasts. In order to characterize 
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the binding of these ligands to the B type receptor only the 
A type receptor was down-regulated by incubat.on of the 
fibroSa sts with PDGF-AA for 1 h at 37°C. A wash at pH 
^75 which would dissociate bound PDGF-AA trom the 
receptor, did not expose any A type receptor on such cells. 
Sting that the receptor was down-regulated rather than 
remaining at the cell surface but blocked by an excess o 
ligand (not shown). Dose-response analysis revealed ha, 
50 ng/ml of PDGF-AA caused maximal down-regulation 
(not shown); this concentration was therefore used^ After 
pre ncubation, the cells were cooled to 0°C and the b.nd.ng 
of r'^UPDGF-AB and [ l25 I]PDGF-BB determ.ned As 
shown in Figure 2A, preincubation with PDGF-AA resulted 
in a reduction of [ 125 I]PDGF-AB bind.ng to about 25% of 
the control value. This effect was interpreted as resuming 
from a down-regulation of type A receptors. The b.nd.ng 
of [ l25 I]PDGF-AB to the remaining B type receptor was ot 
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low affinity; 100 ng/ml of PDGF-AB reduced the .binding 
of [ I25 I1PDGF-AB from 25 to 17%, i.e. by only 30% (Fig- 
ure 2A): in contrast, as was expected the experiment 
described in Figure 1, preincubation with PDGF-AA had 
fery S effecf on the binding of l'*l]PIXSF-BB (Figure 
2B) Thus, the B type receptor binds primarily PDGF-BB, 
and PDGF-AB with lower affinity. 

Dissociation of l^l]PDGF-AB and C*I}PDGF-BB 
from human fibroblasts 

Prebound [ ,25 I]PDGF-AB has been found to dissociate very 
slowly from the surface of human fibroblasts upon incubat.on 
at 0°C (Heldin et «/.. 1982). To investigate which one of 
the two PDGF receptor types is involved .n the stabilization 
• of binding, the dissociation of [ 125 I]PDGF-AB from human 
fibroblast' was compared with that from fibrob asts ; p«- 
incubated with PDGF-AA at 37°C to down-regula e he A 
type receptor. PDGF-AA pretreated cells and control cell 
Z£ incu'bated with ( 12? I]PDGF-AB at O'C, washed ^and 
further incubated at 0°C with increasing concentrations o 
unlabeled PDGF-AB; after 60 min of incubation the amount 
of [ 125 l]PDGF-AB released into the medium was deter-, 
mined Only a small fraction (-20%) of bound ['-l]- 
PDGF-AB was displaced and there was essentially no effect 
of addition of unlabeled PDGF-AB to the medium, or by 
preincubation with PDGF-AA (Figure 3A). A similar exper- 
iment with [ 125 I]PDGF-BB gave essentially the same result, 
the displacement of [ ,25 I]PDGF-BB was not affected by the 
addition of unlabeled PDGF-BB, nor by preincubation with 
PDGF-AA (Figure 3B). This indicates that the binding ol 
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Ki«. 1. Competition lor binding •« hun»n fihn. ^ »^ i ^ m 
dimcric forms of PDGF. The binding ol '-l-UtlKlcd ^ nop \n< 
PDGF-AA (H) and PDGF-BB (C) to human l.bmblas s . J C 

100%. 
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H B . 2. Binding ol PDGF-AB and PDGF-BB to human 'J^*'^ a « cr 
down-regula.ion with PDGF-AA. The binding ol |^I|PDGF-AB (A) 
,nd l' :5 l|PDGF-BB (B) lo human fibroblasts at 0°C was determined 
'i„ ,|,c presence of increasing concentrations of the eorrcspondmg 
'unlabel* ligands on cells incubated in the absence ,c oscd symbols, or 
presence (onen symbols) of 50 ng/ml PDGF-AA lor I h al 37 C. 
P m% IX ; reL u> «W) c.p.m. |'*I|PDGF-AB and 4000 c.p.m. 
| i:5 l|PIX'iF-BB bound. 
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Fig. 3. Dissociation of [ ,25 I]PDGF-AB and [ ,2S I]PDGF-BB from 
human fibroblasts. [ l25 I]PDGF-AB (A) and [ l25 I]PDGF-BB (B) were 
bound for 2 h at 0°C to human fibroblasts that had been preincu bated 
in the absence (closed symbols) or presence (open symbols) of 
50 ng/ml PDGF-AA for 1 h at 37°C. After washing, incubation was 
continued at 0°C in the presence of increasing concentrations of the 
corresponding ligands; after 1 h the radioactivity released into the 
medium was determined. Total binding of [ l - 5 I]PDGF-AB was 2000 
and 3500 c.p.m. on cells that were not pre incubated with PDGF-AA 
respectively; the corresponding binding of [ !25 I]PDGF-BB was 1800 
and 3000 c.p.m. respectively. 
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[ i:5 l)PDGF-AB anTT 25 I]PDGF-BB to the B type receptor 
undergoes stabilization after binding, which then prevents 
their dissociation from the receptor. 

Affinity cross-linking of different 125 l-labeled dimeric 
forms of PDGF 

Affinity cross-linking using the homobi functional cross-linker 
disuccinimidyl suberate (DSS) was used to characterize the 
sizes of the A and B types of PDGF receptors. The different 
135 I-labeled dimeric forms of PDGF were bound to fibro- 
blasts at 0°C; after washing, DSS was added to the cell 
cultures in order to cause covalent binding of the ligands 
to their receptors. Analysis by SDS— gel electrophoresis and 
autoradiography revealed that [ l25 I]PDGF-AA was cross- 
linked in a major complex of 140 kd and a minor one of 
175 kd, [ l2S I]PDGF-BB was cross-linked to form com- 
plexes of 175-190 kd, whereas [ 125 I]PDGF-AB formed 
complexes of both 175 — 190 kd and 140 kd (Figure 4). In 
all cases, addition of an excess of the corresponding un- 
labeled ligand during incubation caused a decrease in the 
amount of radioactivity associated with high mol. wt com- 
ponents, indicating specific interactions between ligands and 
receptors. 

The three ligands were also bound and cross-linked to cells 
that had been preincubated at 37°C with PDGF-AA, to 
remove the A type receptor. On these cells, [ l25 I]PDGF- 
AA was not cross-linked to any high mol. wt complex, 
whereas the cross-linking of [ I]PDGF-BB to form the 
175—190 kd complex remained (Figure 4). This is consist- 
ent with the conclusion that the 140 kd component contains 
the A type receptor and the 175- 190 kd component(s) the 
B type receptor. 
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Fig. 4. Affinity cross-linking of different I:5 l-labeled dimeric forms of PDGF to human fibroblasts. [ '- 5 I|PDGF-AB. | i:? l JPDGF-AA and 
( I25 I]PDGF-BB were incubated for 2 h at 0°C with cells that had been preincubated lor I h at 37°C with or without 50 ng/nil PDGF-AA. After 
washing, the '^l-labclcd ligands were cross-linked with 0.05 mM DSS for M) min at 0 5 C; samples were analysed by SDS -gel electrophoresis and 
autoradiography. As a control of specificity the bindings were performed in the absence or presence of 50 ng/ml of the corresponding unlabeled 
ligands. 
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Fig. 5. Binding of monoclonal antibody PDGFR-B2 lo human fibroblasts pretrcatcd with various dimcric forms of PDGF. A PDGF receptor 
monoclonal antibody, PDGFR-B2. was used for immunofluorescence staining of human fibroblasts that had been preincubatcd at 37°C for 30 min 
with control buffer (A), or 100 ng/ml of PDGF-AA (B). PDGF-AB (C) or PDGF-BB (I)). The binding of 125 1 -labeled PDGFR-B2 al 0°C to cells 
that had been preincubated with increasing concentrations of PDGF-AB (• — •), PDGF-AA (■ — ■) or PDGF-BB (A — A) was also determined 
(K). 1007c corresponds to 810 c.p.m. bound. 
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Fig. 6. Mitogenic activity of the different dimeric forms of PDGF. 
Increasing concentrations of PDGF-AB (• — •), PDGF- A A (■ — ■) 
or PDGF-BB (A— A) were assayed for the ability to stimulate 
incorporation of [ 3 H]TdR into human foreskin fibroblasts. 

Binding of monoclonal antibody PDGFR-B2 to human 
fibroblasts pretreated with various dimeric forms of 
PDGF 

Two monoclonal antibodies against the PDGF receptor puri- 
fied from porcine uterus were recently established; both 
recognize the external domain of a human PDGF receptor 
(Ronnstrand era/., 1988). One of these antibodies, PDGFR- 
B2, was investigated for its reactivity with A and B types 
of PDGF receptors. Human fibroblasts were preincubated 
for 60 min at 37°C with 100 ng/ml of PDGF-AA, PDGF- 
AB or PDGF-BB to down-regulate the corresponding re- 
ceptors. As shown in Figure 5A, PDGFR-B2 gave a positive 
immunofluorescence staining on control cells. Preincubation 
with PDGF-AB (Figure 5C) or PDGF-BB (Figure 5D) 
quenched the immunofluorescence staining completely, but 
preincubation with PDGF-AA (Figure 5B) was essentially 
without effect. In order to quantify the binding of PDGFR- 
B2 antibody, the binding of l25 I-labeled PDGFR-B2 was 
determined on human fibroblasts preincubated at 37°C with 
different concentrations of the various dimeric forms of 
PDGF. PDGF-BB and PDGF-AB both caused half-maximal 
down-regulation at 30 ng/ml (Figure 5E). These results 
indicate that the PDGFR-B2 antibody recognizes the B type 
but not the A type of PDGF receptors, and that the previously 
purified PDGF receptor from porcine uterus (Ronnstrand 
et al., 1987) is of B type. 

Mitogenic activity of the different dimeric forms of 
PDGF 

PDGF-AA, PDGF-AB and PDGF-BB were tested for their 
abilities to stimulate incorporation of [ 3 H]TdR into human 
fibroblasts. As shown in Figure 6, PDGF-AB and PDGF- 
BB were the most potent growth factors, half-maximal effects 
were achieved at about 1 ng/ml, whereas PDGF-AA was 
less potent, reaching the same degree of stimulation at 10 ng/ 
ml. In addition, the maximal stimulation obtained with 
PDGF-AA was always lower than that of PDGF-BB or 
PDGF-AB. 

Discussion 

The present communication presents evidence that two 
distinct PDGF receptor classes exist that display differences 
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mitogenicity 

Fig. 7. Schematic illustration of the two different PDGF receptor types 
on human foreskin fibroblasts. 



in their binding of the three dimeric forms of PDGF. One 
receptor class, denoted type A, binds all dimeric forms of 
PDGF. The other receptor class, denoted type B, shows high 
affinity binding of PDGF-BB. It also binds PDGF-AB with 
lower affinity, but does not bind PDGF-AA. Figure 7 depicts 
schematically the two PDGF receptors and their ligand 
binding specificities. 

A protein tyrosine kinase PDGF receptor (reviewed in 
Heldin and Ronnstrand, 1988) has been purified from 3T3 
cells (Daniel et at., 1985; Bishayee et aL, 1986) and porcine 
uterus (Ronnstrand et aL, 1987). cDNA for this receptor 
type (Yarden et aL, 1986; Claesson-Welsh et aL, 1988) has 
been cloned, and expressed in CHO cells; the transfected 
cells bound [ l25 I]PDGF-BB with high affinity, [ ,25 I]PDGF- 
AB with lower affinity, but not [ 12 *I]PDGF-AA (Claesson- 
Welsh et aL, 1988), indicating that the cloned PDGF recep- 
tor is of the B type. The monoclonal antibodies that have 
been established against purified receptor preparations (Hart 
et aL, 1987; Ronnstrand et aL, 1988) are also directed 
against the B type receptor (Hart et aL, 1988; this work). 

The size of the B type receptor is known from the predicted 
amino acid sequence of its cDNA clone (Yarden et aL, 1986; 
Claesson-Welsh et aL, 1988), from the sizes in SDS/gel 
electrophoresis of components immunoprecipitated with 
specific antisera from metabolically labeled cells (Claesson- 
Welsh etai, 1987; Hart et al., 1987; Keatings and Williams, 
1987), and of the purified receptor protein (Daniel et at., 
1985; Bishayee et al., 1986; Ronnstrand et al, 1987); the 
M r of the polypeptide is 120 000 and the mature receptor, 
after post-translational modifications, has an apparent M r in 
^SDS/gel electrophoresis of 170 000-185 000. The deter- 
mination of the size of the B type receptor by affinity label- 
ing, 160—175 kd, 1 after subtraction of the mol. wt of the 
ligand (Figure 4), conforms to these estimations. Previous 
estimates of the size of the PDGF receptor by affinity cross- 
linking using l25 I-labeled PDGF of unspecified dimeric 
forms yielded estimations of 163-185 kd (Glenn et al., 
1982; Heldin et al.. 1983; Williams et aL, 1984). 

The major part of [ l25 I]PDGF-AA was cross-linked to 
form a complex of 140 kd, but a minor part also formed 
a complex of 175 kd (Figure 4). It is possible that the smaller 
molecule is formed from the larger by proteolysis; alter- 
natively, the larger component reflects low affinity binding 
of [ l25 I]PDGF-AA to the B type receptor, or to another 
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component. Subtraction of the mol. wt of the ligand would 
yield a size for the type A receptor of 125 kd and of 160 kd 
for the larger molecule. Analysis by SDS-gel electrophoresis 
under non-reducing conditions revealed that the complex 
between [ l25 I]PDGF-AA and the receptor migrated slightly 
faster than under reducing conditions (125 versus 140 kd; 
not shown), indicating that the A type receptor, like the B 
type receptor, is a single chain protein which contains intra- 
chain disulphide bonds. 

Certain growth factor receptor-like proto-oncogene prod- 
ucts in this size range, with unknown ligands, have been 
described (reviewed in Westermark and Heldin, 1988). It 
remains to be seen whether any of them correspond to the 
A type PDGF receptor. 

The affinity labeling experiment clearly indicated that the 
[ t25 I]PDGF-AB bound both to the A type (140 kd complex) 
and B type (175- 190 kd complex) receptor. Preincubation 
of human fibroblasts with PDGF-AA, as expected, reduced 
the binding of the A type receptor. However, the binding 
to the B type receptor was also also reduced (Figure 4), 
suggesting that the presence of the A type receptor influenced 
the binding of [ 125 I]PDGF-AB to the B type receptor. The 
explanation for this finding is not known. PDGF induces 
dimerization of purified receptors after binding (unpublished 
observations). It is a possibility that the PDGF molecule 
might bind with higher affinity to one A and one B type 
receptor than to two receptors of the same type; removal 
of the A type receptor would then also decrease the binding 
of PDGF-AB to the B type receptor. Such a possibility is 
also supported by the fact that PDGF-AB was almost as 
potent as PDGF-BB in down-regulating the B type receptor 
on fibroblasts in spite of its lower affinity (Figure 2), as 
determined by the binding of the B type receptor antibody 
PDGFR-B2 (Figure 5). 

In view of the fact that PDGF-AA, which seems to bind 
solely to the type A receptor, only has a limited mitogenic 
effect, it is likely that the B type receptor has a major role 
in the mediation of the mitogenic effect of PDGF. The low 
mitogenic effect of PDGF-AA might indicate that the A type 
receptor also mediates a mitogenic signal, albeit less ef- 
ficiently. This possibility is also supported by the finding 
that PDGF-AB is as good a mitogen as PDGF-BB, in spite 
of the fact that PDGF-BB binds with a higher affinity to the 
B type receptor. It has not been excluded, however, that the 
mitogenic activity of PDGF-AA is mediated, directly or in- 
directly, via the B type receptor. 

PDGF-AB and PDGF-BB, but not PDGF-AA, stimulate 
chemotaxis and actin reorganization leading to membrane 
ruffling (Nister et ai , 1988; A.Siegbahn et ai , unpublished; 
K.Mellstrom etaL. unpublished). In fact, PDGF-AA inhibits 
PDGF-AB induced chemotaxis and, under certain conditions, 
membrane ruffling (Nister et aL, 1988). This indicates that 
stimulation of chemotaxis and membrane ruffling are medi- 
ated by the B type receptor and that signals mediated by the 
interaction with the A type receptor, under certain conditions, 
may be inhibitory. The observation that PDGF-AA can trans- 
modulate the EGF receptor (Nister et aL, 1988), an effect 
which is mediated by activation of protein kinase C and 
phosphorylation of Thr-654 of the EGF receptor (Davis and 
Czech, 1985), suggests that the A receptor may be linked 
to the phosphatidylinositol cycle. 

Expression of PDGF A chain mRNA and secretion of 
PDGF-AA have been found in many normal and transformed 




cell types. As PDGF-AA seems to mediate its effects vi.- 
the A type receptor only, an important goal for future studies 
will be to characterize molecularly this receptor and identify 
the signals it transduces. 

Materials and methods 

PDGF 

PDGF-AB was purified from human platclels as described (Heldin et ai, 
1987). PDGF-AA and PDGF-BB were purified to apparent homogeneity 
from supernatants of yeast cells transfectcd with PDGF A chain and PDGF 
B chain constructs respectively (to be published). The concentrations nf 
factors were determined by amino acid composition analysis. Some exper- 
iments were done with a partially purified batch of PDGF-BB. 

PDGF-AA and PDGF-AB were ,25 I-labclcd with the chloramine T 
method (Hunter and Greenwood, 1982) to specific activities of 50 000 and 
40 000 c.p.m./ng respectively. [ I25 I]PDGF-BB, labeled by the Bolton and 
Hunter method (1973) to a specific activity of 70 000 c.p.m..ng. was a 
kind gift of Amersham International. 

Binding experiments 

Binding experiments were performed on human foreskin fibroblasts <A<"- 
1523. purchased from the Human Mutant Cell Repository. Camden. Ni 
as described (Nister etai, 1984). Cells were grown in Linbro t:-we!l plat,- 
to contluence. Before binding, the cell cultures were rinsed once with I ml 
of binding buffer (PBS containing 1 mg/ml of bovine serum albumin. 0.0 1 
mg/ml CaCl 2 .2H 2 0 and 0.01 mg/ml MgS0 4 .7H 2 0). Cell cultures were 
then incubated for 2 h at 0°C in 0.5 ml binding buffer containing 1 -2 ng/ml 
of radiolabeled ligands and various concentrations of unlabeled ligands. 
Cultures were washed five times in ice-cold binding buffer: cells with 
associated l25 I-radioactivity were thereafter extracted by incubation for 
30 min at room temperature in 0.5 ml Triton X-100. 20 mM Hepcs. pH 
7.4. 10% (v/v) glycerol, and determined in a gamma counter. 

For down-regulation of the A type receptor, the fibroblast cultures wer 
preincubated for 1 h at 37 °C with 50 ng/ml of PDGF-AA. in some exrx.-: 
iments, the cells were exposed for 1 min to binding buffer, supplemented 
witli 20 mM acetic acid, pH 3.75. to dissociated receptor bound PDGF- 
AA at the cell surface. Cells were then washed in binding buffer at neutral 
pH. 

Affinity cross -linking experiments 

Human foreskin fibroblasts were grown to confluence on 6 cm Falcon dishes 
and incubated in the absence or presence of 50 ng/ml of PDGF-AA for 
I h at 37 °C. After washing once in binding buffer, the cell cultures were 
incubated for 2 h at 0°C in 2 ml binding buffer containing 500 000 c.p.m. 
of l25 I-labeled PDGF-AA, PDGF-AB or PDGF-BB in the absence or 
presence of 50 ng/ml of the corresponding unlabeled ligand. After washing 
three times in ice-cold binding buffer and twice in PBS, cells were incubated 
for 20 min at 0°C in PBS containing 0.05 mM DSS. The cross-linking 
reaction was quenched by addition of 10 mM Tris base. After 10 min of 
incubation at 0°C, the cells were washed once in PBS containing I mM 
EDTA; the cells were then scraped off the plate with a rubber policeman 
in PBS containing 1 mM EDTA. Cells were pelleted by centrifugation for 
5 min at 10 000 \> and then solubilized for 30 min at 0"C in I 7r Triton 
X-100, 20 mM Hepcs, pH 7.4. 10% glycerol. After centrifugation tor 5 min 
at 10 000 the supernatant was mixed with reducing SDS-sample buffer 
(Blobel and Dobberstcin, 1975). heated at 95 °C for 3 min. jlkylated for 
15 min at room temperature in 25 mM iodoacetamide. and analysed by 
^ SDS-gel electrophoresis. 

SDS - gel electrophoresis 

SDS-gel electrophoresis was performed as described t Blobel and Dobber- 
stcin. 1975) using gradient gels of 4-12% polyaerylamide. 

Binding of monoclonal antibody 

Human fibroblasts were grown to contluence on glass co\erslips. After 
incubation for 1 h at 37°C in the absence or presence of 100 ng ml of PIX.iF- 
AA, PDGF-AB or PDGF-BB, cells were washed once in serum- free Eagle's 
medium and incubated for 30 min at room temperature in serum-free Eagle's 
medium supplemented with 50 /tg/ml of monoclonal antiUxJs PDGFK-H2. 
Cells were then washed three limes in serum- free Eagle "> medium and 
incubated in a 1/40 dilution of FITC- labeled goat ami -mouse Ig (Beck ton 
Dickinson) in serum-free logic's medium for 1 h at room temperature. After 
washing three times in PBS. cells were fixed in 2% />- formal Jehulc in VHS. 
Cell cultures were inspected in a Nikon microscope equipped for epilluor- 
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escence and photographed using KodaVmax film. Identical exposures 
were used to facilitate comparisons. 

The binding of PDGFR-B2 to human fibroblasts was also determined 
by experiments utilizing l25 Mabcled PDGFR-B2 (labeled to a specific 
activity of 2200 c.p.m./ng by use of lodobeads (Markwcll. 1982). Con- 
fluent cell cultures in 12-wcll Linbro plates were prcincubated in different 
concentrations of PDGF-AA. PDGF-AB or PDGF-BB for I h at 37°C. 
then washed once in 20 mM acetic acid. 0. 15 M NaCl. 2.5 mg/ml bovine 
serum albumin, pH 3.75, to remove surface bound ligands, followed by 
one wash in binding buffer and then incubated for 2 h at 0°C in 0.5 ml 
binding buffer containing 1.1 x 10 6 c. p.m. [ l25 l]PDGFR-B2. Cells were 
then washed and cell associated radioactivity determined as described above. 
Non-specific binding was determined by inclusion of a 100-fold excess of 
unlabeled PDGFR-B2, and subtracted from the values of total binding. 

Mitogenic assay 

The mitogenic activity of PDGF-AB, PDGF-AA and PDGF-BB was deter- 
mined as the ability to stimulate incorporation of [ ? H]TdR into human 
fibroblasts (Betsholtz and Westermark, 1984). 
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